Retrievals of marine boundary layer (MBL) cloud microphysical and optical properties, based on high spatial resolution observations from the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER), are presented. The research-level retrieval algorithm, which is modified from the MODIS Data Collection 6 (C6) operational algorithms, is documented.
(1)
The unit conversion coefficient C N for each band, which is dependent on the respective gain setting 110 provided in the embedded metadata of each ASTER data container, is also given in Table 1 . Spectral ASTER reflectances γ A (∆λ, θ 0 ) are calculated by:
where r SE denotes the distance between the Earth and the Sun in astronomical units and F 0 (∆λ) is the incoming spectral solar irradiance modified by the solar zenith angle θ 0 . Band-specific F 0 (∆λ) SWIR signal started to suffer from anomalous striping and saturation of values. While the VNIR and IR bands are not affected, no reliable SWIR data sampled after that date are available (with brief 125 exceptions in June and July 2007, as well as January to April 2008).
MODIS
The scanning radiometer MODIS is installed aboard NASA's Terra and Aqua (EOS PM-1) platforms, launched in 1999 and 2002, respectively. MODIS has a viewing swath width of 2330 km. Together with the orbit characteristics of the Terra (and Aqua) platform this allows for a global coverage 130 every two days. MODIS collects data in 36 spectral bands between (0.415 − 14.235) µm. Except for a number of bands, the general spatial resolution of a MODIS pixel is 1000 m. Further information on MODIS and the cloud product algorithms is given in Ardanuy et al. (1992) , Barnes et al. (1998) , and Platnick et al. (2003) .
The current version of the cloud product algorithm, and the one that yields the data in this study, is 135 Data Collection 6 (C6). This new set of algorithms includes a flag for partially cloudy (PCL) pixels.
Comparison of Spectral Response Functions
The MODIS cloud property retrieval is based on reflectances sampled in two spectral bands, one in the VNIR and one in the SWIR. Although ASTER employs similar bands in these spectral regions, differences in the respective SRF can impact the retrieval. It is therefore important to understand the 140 behavior of the ASTER SRFs and the respective band deviations from the MODIS instrument. For MODIS the VNIR reflectance γ 0.86,M is provided by band 2, which covers λ = (0.841 − 0.876) µm and is centered around λ = 0.8585 µm, while the SWIR reflectances γ 2.1,M are sampled by band 7, which covers λ = (2.105 − 2.155) µm and is centered around λ = 2.130 µm. VNIR and SWIR reflectances γ 0.86,A and γ 2.1,A for ASTER are detected at bands 3N (nadir-viewing mode) and 5, 145 respectively.
Figure 1(a) shows the SRF of the ASTER (black) and MODIS (green) VNIR band as a function of wavelength λ. Compared to MODIS, the SRF of the ASTER VNIR band is significantly broader with a spectral width of about ∆λ = 0.100 µm (compared to ∆λ = 0.060 µm for MODIS). Moreover, the center of the SRF is shifted by about λ = 0.050 µm towards smaller wavelengths. 150 Figure 1(b) shows the SRF of the applied ASTER and MODIS SWIR bands, respectively. Compared to MODIS, the center of the ASTER SRF is shifted by about λ = 0.035 µm towards larger wavelengths and the spectral width is decreased by about ∆λ = 0.004 µm.
Implications of the SRF differences on the cloud property retrieval are discussed in Section 3.3.
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3 Cloud Property Retrieval Algorithm
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In this section an ASTER-specific cloud masking scheme is presented in detail. The derived scene cloud covers and pixel-level statistics for 124 ASTER cases are compared to those calculated from single-band thresholds developed on a scene-by-scene basis. Subsequently the research-level ASTER cloud property retrieval algorithm is documented.
Cloud Detection for ASTER 160
Cloud detection from moderate to high resolution imagers can take on many forms, from simple single thresholding approaches to more elaborate machine learning approaches. As clearly demonstrated in Yang and Di Girolamo (2008) , cloud detection algorithms must be designed with a particular purpose in mind. The retrieval algorithm presented in Section 3.2 is a research-level algorithm and is specifically employed to study the effects of sensor resolution on remote sensing 165 products of MBL clouds. For this reason, the highest resolution available from ASTER (15 m) is targeted, while the need for an operationally complete and globally validated cloud detection algorithm is not required at this time. Still, the manually tedious effort to produce scene-by-scene cloud masks for a multitude of different resolutions based on a single (or more) threshold approach (e.g., Welch, 1986, Zhao and Di Girolamo, 2006) is replaced in favor of a hybrid approach. 170 Here, individual cases are selected based on the presence of low-level water clouds over the ocean and the absence of high-level cirrus that impacts the cloud property retrieval (Wind et al., 2010) .
Subsequently, a simple decision-tree approach (e.g., Saunders and Kriebel, 1988; Ackerman et al., 1998) was developed, using five thresholding tests to produce a 15 m resolution cloud mask. Since the focus of this study is on the feasibility of cloud microphysical retrievals from ASTER, the cloud 175 masking scheme is cloud-conservative. A cloud mask designation similar to MODIS is employed, namely confidently cloudy, probably cloudy, probably clear, and confidently clear. The five cloudiness tests performed are described below:
(i) ASTER band 3N reflectances γ 0.86,A need to exceed distinct thresholds. Similar tests to identify clear-sky pixels have been reported by Ackerman et al. (1998) ; Ackerman et al. (2008) , Frey et al. 180 (2008) and Banks and Mélin (2015) for MODIS observations, generally establishing thresholds of γ 0.86,M < 0.03 for confidently clear and γ 0.86,M > 0.065 for cloudy pixels.
(ii) Similar to test (i), a threshold for ASTER band 5 reflectances γ 2.1,A is defined to distinguish between clouds and the darker ocean surface.
(iii) A ratio of ASTER band 3N and band 2 reflectances, calculated as r 1 = clear and cloudy pixels, respectively. The upper threshold is usually set to 1.1, in part to exclude land 190 surfaces. Tests with different ASTER cases have shown that this value can reach values of r 1 > 1.3
for cloud observations, while land surfaces show r 1 >> 1.3. Tests (i)-(iii) are usually sufficient for identifying reasonably bright cumulus clouds (i.e., γ 0.86,A ≥ 0.2).
(iv) To better distinguish cloud edges and very thin cumuli from the ocean surface it proves helpful to define a second ratio in the VNIR. The ratio of ASTER band 1 and band 2 reflectances, calculated 195 as r 2 = γ0.52,A γ0.65,A , shows rather large values of r 2 > 1.6 over the ocean due to increased Rayleigh scattering (i.e., the VNIR spectrum in this range has a steeper slope). Similar to r 1 this ratio is close to 1 for cloudy pixels, because of their spectrally invariant behavior in the VNIR.
Categorizing pixels into confidently cloudy, probably cloudy, probably clear, and confidently clear pixels is performed with the decision-tree illustrated in Figure 3 . The derived thresholds for tests (i)-
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(iv) are as follows: Confidently cloudy pixels (cloudiness flag '0') indicate pixels with sufficiently large ASTER band 3N reflectances and either contain bright low level cumuli or clouds with a large vertical extent. These pixels are identified by γ 0.86,A > 0.065, γ 2.1,A > 0.02, 0.80 < r 1 < 1.75, and r 2 < 1.2. Probably cloudy pixels (cloudiness flag '1') are associated with observations covering rather thin clouds and cloud edges. They are characterized by lower band 3N reflectances. These pix-205 els are identified by γ 0.86,A > 0.03, γ 2.1,A > 0.015, 0.75 < r 1 < 1.75, and r 2 < 1.35. Probably clear pixels (cloudiness flag '2') are characterized by γ 0.86,A > 0.03, γ 2.1,A > 0.01, 0.70 < r 1 < 1.75, and r 2 < 1.45. Usually, these pixels are clear. However, if such pixels are flagged as cloudy, a cloud property retrieval either fails or yields an ASTER cloud optical thickness τ A < 5. All other pixels are identified as clear (cloudiness flag '3'). These thresholds, which comprise the first step in the new 210 cloud masking scheme, were set through inspection of 210 ASTER MBL scenes sampled off the Coast of California and the tropical western Atlantic (Zhao and Di Girolamo, 2006) between April 2003 and July 2007. These observations have been performed at full ASTER resolution, keeping in mind that we are siding on a cloud-conservative cloud mask. While the thresholds are derived for a wide range of solar zenith angles (θ 0 = 33.4 • − 63.2 • ), aerosol optical depths (0.04 − 1.49) and even 215 a small number of sun-glint cases they are static with no dependence on θ 0 . As demonstrated below, the quality of the cloud masks meet the purpose of this study and are believed to be more broadly appropriate for deep ocean scenes, in atmospheres with low aerosol turbidity, and outside of strong sun-glint and large θ 0 . However, it should be noted that further refinement of these thresholds are likely for investigations outside the scope of this study. all clear pixels (cloudiness flag '3') if the fraction of clear pixels n c in the respective scene is at least 0.03. This guarantees a sufficient number of samples to calculate frequency distributions of T B (e.g., even for a horizontal resolution of 1000 m over 100 clear pixels remain). In order to match the spatial resolution of the VNIR observations, T B,11 are scaled up to the VNIR resolution (i.e., each T B,11 230 sample at 90 m resolution is replicated onto 36 subpixels with a horizontal resolution of 15 m). As mentioned earlier, these ratios show values around 1 for cloudy pixels, while the ocean can be clearly discriminated with values of r 1 ≤ 0.7 and r 2 ≥ 1.45. Results for T B,11 , shown in Figure 2 A comparison between calculated scene cloud covers C A based on the cloud masking scheme reported in Zhao and Di Girolamo (2006) , which utilizes a single case-by-case threshold for γ 0.86,A , and those based on cloudiness tests (i)-(v) show a high agreement. A frequency distribution of the 245 difference in scene cloud covers between the case-by-case threshold and the new cloud masking scheme (∆C A ) is shown in Figure 4 . Derived ∆C A are in the range of ∆C A = −0.07 − 0.10, with a median difference amounting to an underestimation of about 0.004 and an interquartile range (IQR) of 0.019. These maximum deviations, however, are only observed for a small number of cases. These are characterized by either strong sun glint, which makes it difficult to reliably detect all clouds 250 with just a single threshold for γ 0.86,A , or by a complex cloud structure with pronounced horizontal photon transport, which yields some false cloudy pixel designations by the single-threshold scheme.
For these cases cloudiness test (v) assures that the new ASTER cloud mask algorithm produces more reliable results. The majority of scenes (90.4%) are characterized by a good agreement in estimated cloud amount in the range of −0.04 ≥ ∆C A ≤ 0.04. The slight skew towards positive ∆C A values 255 is consistent with the cloud conservative goal of the new automated algorithm for the purpose of this study. On the pixel level it is found that of all cloudy pixels, as determined by the γ 0.86,A threshold introduced in Zhao and Di Girolamo (2006) , 80.8% are also identified by the new cloud masking scheme, about 14.6% are missed but have no successful cloud property retrieval, 0.03% are missed and have a retrieved cloud optical thickness τ A ≥ 5, and 4.6% are missed and exhibit τ A < 5. Of all 260 clear pixels, as determined by the single-band threshold, 99.4% are also identified as clear by the new cloud masking scheme, 0.2% are characterized as cloudy with a failed cloud property retrieval, and 0.4% exhibit a cloudy designation and τ A < 1. 8 Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016 -265, 2016 Manuscript under review for journal Atmos. Meas. Tech. Published: 9 August 2016 c Author(s) 2016. CC-BY 3.0 License.
Retrieval Algorithm
After cloud masking a retrieval of cloud top, optical and microphysical properties is performed.
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The research-level ASTER retrieval setup uses the same algorithms as the operational MODIS C6 retrieval, which provides the means to execute the same retrieval code for ASTER and eliminates uncertainties when comparing retrieval products between the different sensors. This allows for a comprehensive comparison between the MODIS and ASTER results without biases due to the applied set of equations. It also allows for the use of well tested and documented code. 
Cloud Top Properties
The retrievals of ASTER cloud top pressure, cloud top temperature and cloud top height are performed using the optimal estimation method in conjunction with the operational MODIS C6 IR window retrieval. This precise algorithm combination is used with great success for the operational retrievals of cloud top properties for the MSG-SEVIRI imager (Hamann et al., 2014) . Data input is 275 provided by the collected radiances I A in combination with the profiles of atmospheric temperature, moisture, ozone, and surface temperature. The current implementation of the ASTER retrieval uses Global Data Assimilation System (GDAS) 1-degree analysis from the National Centers for Environmental Prediction (NCEP) for this purpose (Derber et al., 1991) . The surface emissivity data comes from the broadband spectral emissivity database produced for the MOD07 atmospheric profiles prod-280 uct (Seemann et al., 2008) . To account for the presence of possible snow or sea ice in the scene the NCEP sea ice product (Hunke and Dukowicz, 1997) is used together with the National Snow and Ice Data Center (NSIDC) 27 km resolution 5-day running average land snow cover (Nolin et al., 1998) .
The retrieval begins by obtaining the profiles of IR transmittance and radiance for the given ancillary atmospheric and surface parameters at the specific pixel. The calculations are performed using the 285 Pressure-layer Fast Algorithm for Atmospheric Transmittance (PFAAST) code (Strow et al., 2003) .
PFAAST is also implemented in the operational MODIS cloud top properties retrieval algorithm documented in Baum et al. (2012) , except for the ASTER retrievals the full ASTER SRFs are used instead of MODIS ones. The cloud thermodynamic phase is subsequently computed using the bispectral IR method based on the brightness temperature difference between the 8.5 µm and 11 µm 290 bands. The method is identical to the one used by the operational MODIS C5.1 IR cloud thermodynamic phase retrieval (Baum et al., 2000) . After determining the thermodynamic phase, the retrievals of cloud top pressure, cloud top temperature and cloud top altitude are performed assuming unity cloud emissivity as an initial guess. Actual values are derived from the optimal estimation algorithm, which is also used by the MODIS-VIIRS data continuity product for cloud top properties 295 (Heidinger et al., 2014) . If the calculated cloud top pressure is larger than 650 mb the operational MODIS C6 IR window retrieval algorithm is used to calculate the final value of cloud top pressure (Baum et al., 2012) . Cloud phase is also corrected as necessary based on cloud top temperature and 9 Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016 -265, 2016 Manuscript under review for journal Atmos. Meas. Tech. Published: 9 August 2016 c Author(s) 2016. CC-BY 3.0 License. cloud top pressure provided by the optimal estimation algorithm. If prior to the optimal estimation calculations the cloud phase was identified as liquid water, but the cloud top temperature is less than 300 245 K or cloud top pressure is less than 375 mb, the cloud phase value is changed to ice.
Cloud Optical and Microphysical Properties
The retrievals of cloud optical thickness τ A and effective droplet radius r eff,A are based on the bispectral retrieval approach, which applies atmospherically corrected cloud top reflectances at two distinct wavelength bands and utilizes retrieval lookup tables (LUT) (Twomey and Seton, 1980; 305 Nakajima and King, 1990; Rossow and Schiffer, 1991) . This approach uses the distinct sensitivities of reflectances in the VNIR to τ and reflectances in the SWIR to r eff (Marshak et al., 2006) . ASTER bands 3N and 5 provide the VNIR and SWIR reflectances, respectively. Similar to the retrieval of cloud top properties, the ASTER retrieval uses the same algorithms as the operational MODIS C6 retrievals described in King et al. (1997) , Platnick et al. (2003) , and MODIS Characterization Support Team 310 (2012).
Atmospheric correction is performed by generating two-way atmospheric transmittance tables containing the effects of water vapor and molecular absorption by various gases (Platnick et al., 2003; Wind et al., 2010) . Simulations are done with the moderate resolution atmospheric transmission (MODTRAN) code version 4.2r1 (Berk et al., 1998) for the complete ASTER VNIR and SWIR 315 range (considering the full SRF of each band). The standard atmosphere in the MODTRAN input is modulated by the averaged clear-sky profiles from the European Centre for Medium-Range Weather Forecasts (ECMWF) Re-analysis (ERA-40) database (Chevallier, 2002) . Band 2 and 3N reflectances require a correction for above-cloud ozone amount following the method described in Platnick et al. (2003) for the operational MODIS C6 retrieval algorithm. Here, the below-cloud 320 ozone amount is assumed to be negligible and the total column ozone variable (TOZNE) of the NCEP GDAS is used as input. Once all corrections are applied, the surface contribution is removed from the measured ASTER reflectance. For that purpose the gap-filled MODIS surface albedo product is used (Moody et al., 2005 (Moody et al., , 2007 (Moody et al., , 2008 for retrievals over land. When retrievals are performed over ocean, the NCEP GDAS variables U10M and V10M are used to derive the value of wind speed.
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This wind speed is used as input in the Cox-Munk model to obtain the ocean surface reflectance (Cox and Munk, 1954a, b) . Similar to the corrections in the cloud top retrievals, the NSIDC land snow cover and NCEP sea ice product are used to account for the presence of snow or sea ice in the land albedo and ocean surface reflectance. The estimated snow and ice fractions, together with the statistical ecosystem-based MODIS spectral snow and ice albedo product (Moody et al., 330 2007) and ecosystem type from the International Geosphere-Biosphere Programme (IGBP) dataset (Loveland et al., 2000) , provide the means to estimate the final value of surface albedo.
The interpolation of the VNIR and SWIR reflectances is performed in different LUTs to accommodate the differences in the band centers and SRFs between ASTER and MODIS (see Figure   10 Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016 -265, 2016 Manuscript under review for journal Atmos. Meas. Tech. Published: 9 August 2016 c Author(s) 2016. CC-BY 3.0 License. 1). LUTs were generated with the discrete ordinates radiative transfer (DISORT) model developed 335 by Stamnes et al. (1988 Stamnes et al. ( , 2000 , and the computations were carried out with 64 streams to capture both upwelling and downwelling radiance (32 up and 32 down). The wind speed-dependent bidirectional surface reflectance of the ocean is parameterized following Cox and Munk (1954a, b) , as implemented in the radiative transfer library libRadtran (Mayer and Kylling, 2005; Mayer, 2009 ).
The single scattering properties of liquid water clouds were computed from Mie Theory according 340 to Wiscombe (1980) , assuming a Modified Gamma droplet size distribution with an effective variance of 0.10. The LUTs do not include the additional contributions from Rayleigh scattering, which are added to the atmospherically corrected ASTER reflectances before a retrieval is attempted. The added amount of Rayleigh scattering is a function of cloud top pressure and is accounted for dynamically, using the retrieved value of cloud top pressure as described in Wang and King (1997) . For 345 both MODIS and ASTER, the retrieved τ is scaled to the respective 0.65 µm band (i.e., band 1 for MODIS and band 2 for ASTER).
It must be noted that for the cloud property retrieval at 15 m horizontal resolution SWIR reflectances are scaled up to match the resolution of band 3N (i.e., each SWIR reflectance sample at 30 m resolution is replicated onto 4 subpixels with a horizontal resolution of 15 m). This intro-350 duces uncertainties in the retrieved cloud parameters at the highest ASTER resolution. As described in Section 5.4 these uncertainties are estimated to be ±0.5 (for τ A ) and ±0.7 µm (for r eff,A ). King et al. (1997) and Platnick et al. (2004) discussed the retrieval uncertainties associated with MODIS cloud products, which are the result of instrument errors, uncertainties in the radiometric calibrations and the applied radiative transfer model, as well as ancillary data sets used as input for 355 the atmospheric correction algorithm, among other components. The current MODIS retrieval products provide pixel-level uncertainty estimates for τ and r eff . Because the ASTER retrieval algorithm deploys the same retrieval code, ASTER pixel-level retrieval uncertainties are derived in a similar way. An approximate, albeit less comprehensive, uncertainty range due to radiometric uncertainties, only, can be estimated by applying the individual measurement uncertainties δ of the simulated 360 reflectances γ LUT in the VNIR and SWIR by:
Here, δ can either increase or decrease the actually observed γ LUT . Calculating ∆τ LUT and ∆r eff,LUT for each possible combination of γ LUT ± δ in the VNIR and SWIR yields an expected uncertainty values of input cloud effective droplet radius r eff,LUT (highlighted by different symbols). The relationship between VNIR reflectance and τ LUT exhibits the well-known monotonically increasing, concave behavior for both sensors and there is little difference between ASTER and MODIS, as well as between the different r eff,LUT . There is a decrease in VNIR γ LUT with increasing r eff,LUT , which 380 was also stated in Marshak et al. (2006) . Figure 5 (c) shows the theoretical scale factor f 0.86,LUT ,
defined as:
This means that f 0.86,LUT is the ratio of ASTER to MODIS VNIR reflectance for each (τ LUT , r eff,LUT )
pair. The behavior of f 0.86,LUT for the given solar and viewing geometry and constant values of 
High-resolution Retrievals
Two ASTER scenes are selected as case studies to demonstrate the feasibility of high-resolution ASTER retrievals and to highlight the differences between the co-located ASTER and MODIS Results of the effective droplet radius retrieval from ASTER (r eff,A ) and MODIS data (r eff,M ) are illustrated in Figure 8 . For the example scene C14, shown in Figures 8(a)-(b) , the effective radius retrieval shows a very homogeneous distribution, with the majority of observations around 465 r eff,A = (7 − 9) µm, which is close to a mono-disperse r eff,A field. Likewise, the MODIS retrieval
shows that most results are between r eff,M = (6 − 9) µm, revealing a good agreement between both sensors. However, there is also visible striping in the r eff,M results, which is caused by electronic crosstalk between various MODIS bands (Xiong et al., 2003 (Xiong et al., , 2009 Sun et al., 2010 Sun et al., , 2014 . 
Comparison of ASTER and MODIS Results
In this section a statistical comparison between the operational MODIS C6 retrieval products with 480 co-located ASTER results is presented, first for the two case studies introduced in Section 4.2, and subsequently on a statistical basis for all 48 MBL cloud scenes.
Aggregation
To yield a true comparison of reflectances and retrieved cloud variables, the high-resolution ASTER For all overcast pixels sampled in C14 and C19, the remaining bias between γ 0.86,AaM and γ 0.86,M , after correcting for the theoretical difference due to their respective SRF, is about 3.5%.
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Likewise, the remaining bias between γ 2.1,AaM and γ 2.1,M is about 0.3%. These values are in the range of the intercomparison results by Uprety et al. (2013) , who reported radiometric bias uncertainties between the Suomi National Polar-Orbiting Partnership (Suomi-NPP) Visible Infrared Imaging Radiometer Suite (VIIRS) and MODIS in the range of 2 − 3% for the VNIR and SWIR bands.
It is important to note that small differences in cloud top reflectances could result in possibly large 540 differences in retrieved cloud properties.
16
Retrieved Cloud Property Comparison for C14 and C19
There is a good agreement between the ASTER (at native resolution) and MODIS retrieval results To relate these differences to the ASTER retrieval uncertainties derived in Section 2.3, the differences τ AaM − τ M and r eff,AaM − r eff,M are normalized by τ AaM and r eff,AaM , respectively. The results for C14 are shown in Figure 11(b) , where the gray box indicates the retrieval uncertainty 560 for both cloud variables due to radiometric uncertainties, only (see the discussion in Section 3.2.2).
It is obvious that the differences in retrieved optical thickness and effective droplet radius between ASTER and MODIS are well within the retrieval uncertainties of ASTER. The best agreement between the two sensors is achieved for bright cloudy pixels where τ M ,τ AaM ≥ 14. Here, differences in retrieved optical thickness are in the range of 5%, while differences in retrieved effective droplet 565 radius are ±10%. With lower γ AaM the retrieval differences, as well as the bias in τ AaM , increase.
The comparison of retrieved cloud properties for the more inhomogeneous example scene C19 is Overall, the correlation coefficients between τ AaM and τ M are R = 0.992 and R = 0.995 for C14
and C19, respectively. The correlation of r eff,M and r eff,AaM yields R = 0.872 for C14 and R = 0.739 for C19. Limiting the analysis to observations with overcast pixels increases the correlation 590 coefficient for the effective droplet radius comparison to R = 0.889 for C19.
Statistical Comparison for 48 MBL Cloud Scenes

Cloud Mask Comparison
Co-located ASTER reflectances are used to get a cloud mask value for each pixel of the 48 MBL cases, assigning the respective cloud mask flag according to the discussion in Section 3.1. To com-595 pare the domain-averaged cloud cover from ASTER observations (C AaM , derived from the aggregated ASTER radiances) with the operational MODIS results from the MOD35 data containers (C M ), the fraction of pixels with a cloudiness flag value of '0' or '1' is calculated (i.e., the fraction of 'confidently' and 'probably cloudy' pixels). Figure 12 shows a frequency distribution of the difference between the domain-averaged cloud 600 covers from MODIS and co-located ASTER measurements. An agreement between C M and C AaM of ±0.04 is observed for 34 of the 48 analyzed MBL scenes (i.e., 73.9%), while 89.1% of cases exhibit an agreement in scene cloud cover of ±0.1. Cases where the absolute difference between C M and C AaM is larger than 0.1 are characterized by C M = 0.11 − 0.87 and include a substantial number of pixels characterized by MODIS cloudiness flags '2' (i.e., 'probably clear' pixels). For 605 these scenes, transitioning observations with cloudiness flags '2' to cloudiness flags '1' (i.e., assuming these pixels are 'probably cloudy' instead of 'probably clear' pixels) improves the agreement between the MODIS and ASTER domain-averaged cloud covers, which implies that the biggest discrepancies between C M and C AaM are caused by pixels with very thin clouds. Overall the median difference between C M and C AaM is basically 0 with an IQR of 0.03.
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On the pixel level, 91.4% of the cloudy pixels, as identified by the MODIS cloudiness flags '0' where ASTER reflectances are slightly higher than the MODIS observations at the lower end, and vice versa for higher reflectances. Here, the center of each distribution is significantly reduced from the overcast data set with mean τ AaM = 3.62 and mean τ M = 3.08.
Retrieved Cloud Property Comparison for 48 MBL Cloud Scenes
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The distributions of r eff,M and co-located r eff,AaM for overcast pixels are shown in Figure 14(c) , illustrating a good agreement between both instruments. While the retrievals can be as low as r eff,M ,r eff,AaM = 4.76 µm, the upper limit for both the ASTER and MODIS retrieval is a fixed value of r eff,M ,r eff,AaM = 30.00 µm. For larger droplets the LUTs converge and the retrieval results become unreliable. For all 48 MBL scenes the mean r eff,AaM = 10.07 µm, which compares 670 well with the mean observed r eff,M = 9.93 µm. Figure 14(d) shows the PDFs of r eff,M and r eff,AaM for partially cloudy pixels. Although there seem to be more observations in the range 10.00 µm ≥ r eff,M ,r eff,AaM ≤ 20.00 µm, the mean values are only slightly increased to mean r eff,AaM = 11.48 µm and mean r eff,M = 10.60 µm. 
Uncertainty Contributions
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The analysis in Section 5.2.1-5.3.3 reveals a high agreement between the operational MODIS cloud retrieval products and the co-located ASTER results. This can be attributed to the use of the MODIS C6 retrieval algorithms and radiative transfer codes. Still, remaining uncertainties lead to the small differences in the cloud variable comparison. Besides the radiometric uncertainties of each instrument, a number of factors impact the comparison between the MODIS and ASTER results.
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Differences in the center wavelengths and SRF between the ASTER and MODIS bands, while theoretically accounted for in the applied radiative transfer codes, yield a remaining uncertainty not only in the reflectance comparison, but also in the retrieved cloud top, optical and microphysical properties. While the transmittance tables used in the retrieval algorithm of cloud top properties are calculated for the full ASTER SRFs, the operational MODIS IR window retrieval and optimal 705 estimation method are applied to the ASTER IR observations without any threshold adjustments.
Spectral differences also impact the atmospheric correction algorithm. Since the land surface albedo product is created for MODIS bands 1-7 and there is no specific surface albedo product for ASTER, the SRF differences between ASTER and MODIS bands induce uncertainties in the derived spectral surface albedo values. This is acknowledged by an increase in surface albedo uncertainty from 15% Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016 -265, 2016 Manuscript under review for journal Atmos. Meas. Tech. Published: 9 August 2016 c Author(s) 2016. CC-BY 3.0 License. 
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Atmos. Meas. Tech. Discuss., doi:10.5194/amt-2016 -265, 2016 Manuscript under review for journal Atmos. Step 1 Step 2 Input Input Figure 3 . Outline of the new ASTER cloud mask algorithm.
Step 1 illustrates the decision-tree including cloudiness tests (i)-(iv) based on ASTER band 3N and 5 reflectances γ0.86 and γ2.1, as well as color ratios r1 and r2.
Step 2 illustrates the correction for complex broken cumulus scenes, as well as cases with pronounced sun glint. This correction, test (v), is based on the derived cloudiness flags from step 1, the brightness temperature TB,11 (calculated from the ASTER band 14 radiances), the percentage of clear pixels with cloudiness flag '3' (nc), and the 5 th percentile of TB,11 sampled over all clear pixels (TB,c5).
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